The light-dependent synthesis of glycolate derived from fructose 1,6-diphosphate, ribose 5-phosphate, or glycerate 3-phosphate was studied in the intact spinach (Spinacia oleracea) chloroplasts in the absence of CO2. Glycolate yield increased with an elevation of 02, pH, and the concentration of the phosphorylated compound supplied. No pH optimum was observed as the pH was increased from 7.4 to 8.5. The average maximal rate of glycolate synthesis was 50 gLmoles per millgram chlorophyll per hour while the highest rate observed was 92 with 2.5 mm fructose 1,6-diphosphate in 100% 02. The highest yields of glycolate synthesized from fructose 1,6-diphosphate, ribose 5-phosphate, or glycerate 3-phosphate were 0.14, 0.24, and 0.30, respectively, on a molar basis.
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In the previous paper (9) , data were presented which established that increasing the pH from 7.55 to 8.40 enhanced the 02 inhibition of chloroplast CO2 assimilation (the Warburg effect). The enhancement of the Warburg effect at higher pH was thought to be due to an increase in the synthesis of glycolate formed during CO2 assimilation resulting in a diminution of phosphorylated intermediates needed to maintain the ribulose 1,5-diP pool. The effect of more alkaline pH on glycolate synthesis was shown not be be due to a lowering of the CO2 level (9) . A number of laboratories have established that glycolate is derived during the photoassimilation of CO2 from intermediates of the photosynthetic carbon reduction cycle (2, 14) . The question remained whether pH influenced glycolate formation in the isolated chloroplast when the mechansim functioned in the absence of CO2 assimilation. The purpose of the work described in this report has been to examine the conditions required for glycolate synthesis in the absence of CO2 assimilation but in the presence of supplied intermediates of the photosynthetic carbon reduction cycle. Data The experiments were carried out at 25 C in sealed 55 ml "lollipops" each of which possessed a 1-cm light path. Samples (10-12 ml) were withdrawn at appropriate intervals from the sealed "lollipops" with 12-ml hypodermic syringes. Reactions were terminated by addition of 0.1 ml 12 N HCI to the sample. Glycolate Estimation. Prior to quantitation, glycolate ('2C or "4C) was purified from the reaction mixtures using a previously reported method (8, 9) . The Dowex AG 1-X8 acetate resin beds measured 0.8 x 7 cm.
[12C]Glycolate was determined in the 4 N acetic acid fraction as previously described (8) Figure 1 illustrate the time course of glycolate formation as a function of the concentration of added FDP, R5P, and PGA. Sections A and B of this figure also reveal that endogenous pools of the photosynthetic carbon reduction cycle, depending on the previous history of the leaf tissue, could sustain a high initial rate of glycolate synthesis. Leaf tissue (Fig. 1, A and B) was taken from the field during optimal growing conditions (September) while the tissues supplied with R5P (part C) were from plants at the end of the growing season (mid-November). (Fig. 2A) . PGA at 0.5 to 2 mm produced a 1.5-fold increase while R5P at 0.5 to 2 mm brought about a 10-fold increase over the endogenous rate.
The rate of glycolate synthesis in the presence of 2.5 mM PGA, R5P, or FDP increased with increasing pH (Fig. 3) . Of the three compounds tested, the response was most striking with PGA. There was an approximate 3. (13) . The concentration of 02, C02, and the hydrogen ion have been identified as factors decisive in the photoconversion of CO2 to glycolate (9, 13, 14) . Our data suggest that glycolate was derived from supplied intermediates of the photosynthetic carbon reduction cycle and that their concentration in addition to light, pH, and 02 were critical factors in the synthesis of this two-carbon acid. That glycolate formation can be regulated by carbon compounds other than CO2 was indicated by our data with the higher concentrations of FDP (Fig. 1A) and also with certain amino acids as reported recently by Oliver and Zelitch (7) . In addition, the molar yield results recorded in Table I point to reactions competing for the glycolate-yielding intermediates even under conditions presumably optimal for glycolate synthesis. Clearly, there are many factors regulating glycolate formation in the chloroplast, and in turn, the Warburg effect and photorespiration, of which the concentrations of CO2 and 02 are but two. 60, 1977 
